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(54) Bispeciftc reagents for aids therapy 

(57) Bispecific molecules which react both with the 
high-affinity Fey receptor of human effector cells and 
with a virus or virus component are disclosed. Binding 
of the molecules to the Fc receptors found on effector 
cells is not blocked by human immunoglobulin G. Trie 
molecules are useful for targeting human effector cells 
(e.g. macrophages) against a viral target (e.g. HIV or 
BlV-infectedcell). For this purpose, bispecific molecules 
can be constructed containing the binding region de- 



rived from an anti-Fey receptor antibody and the CD4 
molecule or CD4 binding domain of the envelope glyc- 
oprotein gp120 of BIV. Alternatively, bispecific antibod- 
ies or heteroantibodies can be constructed containing 
the binding region derived from an anti-Fc receptor an- 
tibody and the binding region of HIV-specific antibody 
such as anti-gp1 20 antibody. Targeted effector cells can 
be used to kill virus by cell mediated antibody dependent 
cytofysis. 
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Doscription 

In the absence of an etteclive vaccine or therapy, 
the incidence ol acquired immune deficiency syndrome 
(AIDS) in the United States and other countries is likely * 
to increase during the next few years. Preventing infec- 
tion with the human immunodeficiency virus (HIV) will 
depend upon education and counselling to prevent 
transmission among the populations at risk for AIDS. 

To date, neither active immunization with the HIV 10 
envelope glycoprotein gp120 nor passive immunization 
with AIDS-immune serum has protected non-human pri- 
mates from subsequent challenge with AIDS. The pros- 
pects for effective immunization against HIV infection 
are not encouraging at this time. 

Recently, the initial events in infection of human T 
lymphocytes, macrophages, and other cells by HIV 
have been elucidated. These events involve the attach- 
ment of the HIV envelope glycoprotein gp120 to its cel- 
lular receptor, CD4. Cells that lack CD4 are not suscep- 
tible to HIV infection, but become susceptible after they 
are transf ected with the CD4 gene and express CD4 on 
their surfaces. This information has led to studies of use 
of recombinant CD4 (rCD4) which might be used ther- 
apeutically to block the CD4-binding sites on HIV, pre- 
venting it from binding to CD4 on host cells. However, 
this would provide only a passive blockage of virus in- 
fection, and would not lead to active elimination of the 
virus. 

A therapeutic approach has been developed to 
eliminate the virus. This involves linkage of CD4 to the 
Fc region of human IgG. Capon, D.J. et aL Nature , 337. 
525 (1989). The Fc region of human IgG is the natural 
ligand for receptors on monocytic cells, moreover, in the 
Fc portion of IgG reside immunoglobulin functions such 
as Fc receptor binding, protein A binding and comple- 
ment fixation. These properties of the Fc portion of hu- 
man immunoglobulin are the major mechanisms for 
elimination of pathogens. Fc activates the complement 
pathway, resulting in lysis of the pathogen, whereas 
binding to the Fc cell receptors on effector cells can lead 
to ingestion of the pathogen by phagocytosis or lysis by 
killer cells. 

Nevertheless, the vast amount and diversity of nat- 
ural antibodies (i.e. non-HIV specific IgG) found jn vivo 
remains a major obstacle to this kind of m vivo therapy 
since non-HIV specific IgG would be expected to block 
binding of the Fc region with Fc receptors. A need exists 
to develop a therapeutic modality that overcomes these 
problems. 

This invention pertains to bispecific molecules 
which can bind a pathogen and which can simultane- 
ously target the pathogen and pathogen-infected cells 
for ingestion and destruction by effector cells such as 
monocytes, macrophages, and neutrophils. The bispe- 
cific molecules of this invention have a first binding spe- 
cificity for a pathogen (e.g. virus) and a second binding 
specificity for the high-affinity Fey receptor. The binding 



specificity for the Fey receptor is for a site which is dis- 
tinct from the ligand binding site for the Fc region of IgG. 
The bispecific molecules are capable of binding to IgG- 
occupied receptor of effector cells in the presence of 
normal serum IgG. 

For example, il the target pathogen is a virus 6uch 
as HIV, the targeted viral component can be the enve- 
lope glycoprotein gp120 of HIV The binding specificity 
for gp120 can be provided in several ways. It can be 
provided by the CD4 molecule of T cells or just the CD4 
binding domain thereof. Alternatively, the gp120 specif- 
icity can be provided by a gp1 20-specific antibody. The 
binding specificity for the high affinity Fey receptor is pro- 
vided by an antibody which binds to an epitope of the 
Fc receptor, the binding of which is not blocked by hu- 
man IgG. 

The bispecific molecules of this invention can be ad- 
ministered alone or they can be pre-attached to effector 
cells for administration to the patient. They can also be, 
used in conjunction with other molecules. For example, 
molecules of this invention can be used with cytokines 
such as interferon^ which can activate or enhance their 
therapeutic potential. The effector cells can be obtained 
from the patient or from other sources so long as the 
cells are compatible with the patient's immune system. 
The binding of bispecific molecule to the effector cell re- 
sults in a targeted effector cell i.e., an effector cell with 
attached bispecific antibody or heteroantibody contain- 
ing antigen binding regions which are specific for a de- 
sired pathogen. The targeted effector cells can be used 
to bring about antibody dependent cell mediated cytol- 
ysis (ADCC) and/or phagocytosis of the target cells in 
yiyo. 

The bispecific molecules of this invention have at 
least two distinct binding specificities. The molecules 
contain a binding specificity for a pathogen such as a 
virus component, and a binding specificity for the Fey 
receptor of effector celts. 

The Fc-receptor binding specificity is provided by a 
binding agent which binds to the high affinity (p72) Fey 
receptor (FcRI) for human IgG without being blocked by 
human IgG. The preferred Fey receptor binding agent is 
an ant foody, ant foody fragment, antibody variable re- 
gion, or genetic construct having the following charac- 
teristics: 

a. it reacts specifically with the high affinity Fey re- 
ceptor; 

b. it reacts with the receptor through its antigen 
combining region independent of any Fc portion; 

c. it reacts with an epitope of Fey receptor which is 
distinct from the Fc binding (i.e. ligand binding) site 
of the receptor; and 

d. it binds ligand-occupied receptor. 

The anti-Fey receptor antibodies of this invention 
can be produced as described in U.S. Patent Application 
Serial Number 151,450; Fanger et al, " Monoclonal An- 
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tibodies to Fc Receptors for Immunoglobulin G on Hu- 
man Mononuclear Phagocytes", the teachings of which 
are incorporated by reference herein. 

The binding specificity for the pathogen component 
can be any binding agent specific tor an antigen of the s 
pathogen. For example, if the targeted pathogen is a vi- 
rus, viral antigens such as those associated with Epstein 
Barr virus (EBV glycoprotein: M. Mackett and J.R. Ar- 
rand, EMBO J., 4: 3229-3234 (1985)); human Influenza 
virus (Haemagglutinin: E.B. Stephens et a). , EMBO J.. 
5: 237-245 (1986)); hepatitis B virus (HBV major surface 
antigen: R.H. Pureed and J.L Gerin, Am. J. ed. Sci-,270: 
395-399 (1975)); and HIV (capsid env glycoproteins: A. 
S. Fauci, Science, 239: 61 7-622 ( 1 988)) can be used as 
the source of viral target antigen needed to produce the 
binding specificity tor molecules of this invention. 

In preferred embodiments for HIV treatment, the 
HIV component is the envelope glycoprotein gp120 of 
HIV, found in the viral envelope and in cells harboring 
infectious HIV. The bispecific molecules are specific for 
gp120 and the HIV-binding agent can be provided by 
naturally-ocurring or recombinant tonus of the CD4 re- 
ceptor of T cells or by the HIV binding domain of CD4. 
It is well known that CD4, expressed on T-rymphocytes, 
is the receptor tor the HIV envelope glycoprotein gp1 20. 
The CD4 protein is also the primary receptor for HIV en- 
try into host cells, and for membrane fusion which con- 
tributes to cell-to-cell transmission of HIV and to its cy- 
topathic effects. Maddon, P.J. et al ., Cell, 47: 333-348 
(1 986). Since the CD4 antigen was identified as the cell- 
surface receptor for HIV, it has been repeatedly shown 
that soluble forms of CD4 antigen can block the infec- 
tivity of the virus. Traunecker, A. et al., Nature, 331: 
84-86 (1988). Soluble CD4 inhibits diverse variants of 
HIV, indicating that all these viruses may share a rela- 
tively conserved CD4-binding region. 

Soluble CD4 analogs or CD4 fragment with an af- 
finity for gp1 20 comparable to that of intact CD4 can be 
prepared using methods described in the art. See, for 
example, Berger, E . A. et a] . , Prop . Nat'l . Acad. Sc\. USA, 
85: 2357-2361 (1988); Arthos, J., et al., Cell, 57: 
469-481 (1 989). Soluble CD4 fragments lack the hydro- 
phobic transmembrane portion or contain only a small 
fraction of this transmembrane portion. Soluble CD4 
fragments and CD4 analogs can be produced by insert- 
ing truncated CD4-«ncoding cDNA into expression vec- 
tors. CD4 polypeptide can be produced by such cells 
and the soluble CD4 can be tested for its ability to bind 
gp120 using standard coimmunoprecipitation assays. 
See, for example Smith, D.H. et a]., Science 238, 
1704-1707(1987). 

Alternatively, the HIV binding specificity of the mol- 
ecules of this invention can be provided by anti-gp120 
antibodies. These antibodies can also be produced by 
conventional monoclonal antibody methodology, e.g. 
the standard somatic cell hybridization technique of 
Kohlerand Milstein, Nature, 256, 495 (1975), using the 
gp1 20 glycoprotein, or fragments thereof, as the immu- 



nogen. In brief, an animal such as a mouse is immunized 
with gp 1 20 of HI V. The gp 1 20 can be purified, or partially 
purified from viral rysates for this purpose. The purifica- 
tion of gp120 can be accomplished by affinity chroma- 
tography with antibody against gp120. After immuniza- 
tion, B cells are taken from the immunized animal and 
then fused with an immortalizing cell such as a myeloma 
cell. See, for example. M.S.C. Fung et aj.. Bjpjechnplo: 
jgy, 5: 940-946 (1987). It will be appreciated that subu- 
nits of gp120 can also be employed as the HIV compo- 
nent to which a binding specificity is provided. For ex- 
ample, antibodies can be prepared against the gp41 
transmembrane protein as well as smaller gene prod- 
ucts of the envelope gene of HIV. See, for example, W. 
G. Robey et a)., Science 228, 593^595 (1985). 

Bispecific molecules of this invention can also be 
prepared by conjugating a binding specificity for a path- 
ogen (i.e. virus or viral antigen) to an anti-Fey receptor 
(FctR) gene. Development and cloning of the gene for 
the binding site of anti-FcyR, is well within the capabili- 
ties of those skilled in the art. This gene could be linked 
to genes encoding viral receptors such as the CD4 mol- 
ecule. Such constructs can be used to target viral infec- 
tious agents and infected cells through FcyR. 

The bispecific molecules of this invention can be of 
several configurations. Bispecific antibodies are single 
antibodies (or antibody fragments) which have two dif- 
ferent antigen binding sites (variable regions). Bispecific 
antibodies of this invention have one binding site for Fey 
receptor and one binding site for a viral epitope. Bispe- 
cific antibodies can be produced by chemical tech- 
niques (see e.g., Kranz, D. M. et al., Proc. Natl. Acad. 
Sci. USA 78.5807 (1981)) by "■polydoma" techniques 
(see U.S. Patent 4,474,893, to Reading) or by recom- 
binant DNA techniques. 

Heteroantibodies are two or more antibodies, or an- 
tibody binding fragments (Fab) linked together, each an- 
tibody or fragment having a different specificity. Bivalent 
heteroantibodies of this invention comprise an antibody 
(or fragment) specific for Fey receptor, coupled to an an- 
tibody (or fragment) specific for a viral epitope. Heter- 
oantibodies can be prepared by conjugating Fey recep- 
tor antibody with antibody specific for an epitope of the 
HIV envelope glycoprotein gp120. A variety of coupling 
or crosslinking agents can be used to conjugate the an- 
tibodies. Examples are protein A, carboiimide, dimate- 
imide, dithio-bis-nitrobenzoic acid (DTNB), and N-suc- 
cinimidyl-3-(2-pyridyldithio) propionate (SPDP). SPDP 
and DTNB are the preferred agents; procedures for 
crosslinking antibodies with these agents are known in 
the art. See e.g., Karpovsky, B. et a]., (1984) J. Exp. 
Med. J 60:1 686; Liu, M.A. etal., (1985) Proc. NatLAcad. 
Ste[uSA 82:8648; Segal, D.M. and Perez, R, U.S. Pat- 
ent No. 4,676,980 (June 30, 1987); and Brennan, M. B[- 
ptechnigues 4:424 (1 986). 

The bispecific molecules of this invention can also 
be prepared as recombinant molecules. Constructs can 
be developed that comprise genes encoding viral recep- 
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tors linked to genes encoding the binding site (variable 
region) of anti-FcyR antibody. Thus, a recombinant nu- 
cleic acid which encodes a molecule having dual spe- 
cificity can be prepared by linking a gene encoding a 
receptor for a viral antigen (e.g. a cell-surface receptor & 
such as CD4 which binds to gp1 20 on HIV or HIV-infect- 
ed cells) to the gene encoding either the light or heavy 
chain variable region of an anti-FcyR antibody. These 
genetic constructs, or other constructs linking genes tor 
different viral receptors to the anti-FcyR antibody gene, *o 
can be expressed in suitable host cells. 

Bispecific molecules of this invention can be admin- 
istered to target the killing of virus and virally infected 
cells. The molecules can be given in free form. Alterna- 
tively, the molecules can be attached to the surface of « 
effector cells jnyrtrp and the cells can be administered. 
In each mode the principle is the same; the effector cell 
is targeted toward the virus. 

Effector cells for targeting are human leukocytes, 
preferably macrophages. Other cells can include mono- 20 
cytes, activated neutrophils, and possibly activated nat- 
ural killer (NK) cells and eosinophils. Macrophages can 
be treated with IFN^y before targeting to increase the 
number of Fc receptors tor attachment of the targeting 
antibody or heteroantibody. Neutrophils and NK cells 25 
can also be activated with IFN^y in this way. The effector 
cells may also be activated before targeting by other cy- 
tokines such as tumor necrosis factor, lymphotoxin, col- 
ony stimulating factor, and interleukin-2. If desired, ef- 
fector cells for targeting can be obtained from the host 
to be treated, or any other immunological ly-compatibie 
donor. 

The targeted effector cells can be administered as 
a suspension of cells in a physiologically acceptable so- 
lution. The number of cells administered can be in the 
order of lOMO 9 , but will vary depending on the thera- 
peutic purpose. In general, the amount will be sufficient 
to obtain localization of the effector cell at the target cell 
or pathogen, and to effect killing of the cell or pathogen 
by antibody dependent cell-mediated cytolysis (ADCC) 
and/or phagocytosis. Routes of administration can also 
vary. The targeted effector cells could be administered 
intravenously, intramuscularly, or intraperitoneal^. 

Bispecific molecules of this invention link viral-spe- 
cific binding agents to FcyRI on effector cells in such a 
-way-trrattheJarge.exc^ss-OthJum 
interfere with binding of the molecule to effector cells or 
interfere with functioning of effector cells. This is possi- 
ble because the anti-FcyR component of these mole- 
cules binds to FcyR at an epitope outside of its ligand 
binding domain. Effector cells (i.e. macrophages) tar- 
geted in this way can be employed to bring about anti- 
body-dependent cell-mediated killing of HIV or HIV-in- 
fected cells. 

The bispecific molecules of this invention have a po- 
tentially long half-life jn vivo. This can result from the 
interaction of these constructs with FcyR on all mono- 
cytes and macrophages where it might remain for long 



periods of time, much of it out of circulation, but func- 
tionally active throughout the body on all cells of the re- 
ticuloendothelial system. 

Bivalent bispecific molecules of this invention can 
be more sensitive to triggering than other constructs be- 
cause of their bivalent nature. This is because internal- 
ization of the construct and killing of the targeted infec- 
tious agent requires receptor crosslinking. A bivalent 
bispecific complex will initiate cross-linking more effi- 
ciently that a monovalent bispecific construct. Further- 
more, the binding avidity of a bivalent bispecific con- 
struct is likely to be greater than a monovalent bispecific 
molecule, and therefore be more effective in clearing 
HIV and HIV-infected cells. This is an important advan- 
tage of a bivalent bispecific molecule. A monovalent 
molecule comprising, for example, the Fc region of IgG 
complexed with a viral binding specificity (Capon, D.J. 
et aj., sugra) will bind to only one FcyRI molecule since 
only one of the Fc regions of an antibody can bind to the 
high-affinity FcyRI receptor. Constructs of this invention 
having bivalent bispecific or heteroantibody configura- 
tions offer an advantage since they can be manipulated 
to provide greater avidity or triggering capability. 

The bispecific molecules of this invention are spe- 
cific for interaction with only FcyRI. Constructs employ- 
ing the Fc domain of IgG (Capon, DJ. et al.. supra) in- 
teract with alt three types of Fc receptor. This lack of 
specificity may be of considerable disadvantage since 
FcyRll and FcyRIII are expressed by other cells besides 
monocytes, such as B-cells, platelets, and placental Ig 
transfer cells. Thus, there is the possibility that HIV may 
be introduced through FcyRll and/or FcyRIII into cells 
that cannot kill but which may harbor the virus. Moreo- 
ver, FcyRI has been found to be a killing receptor on all 
cell populations on which it has been found. In contrast, 
the other two Fc receptors only function as cytotoxic trig- 
ger molecules on some of the cells on which they are 
expressed, and then only under some conditions. 

Those skilled in the art will recognize, or be able to 
ascertain using no more than routine experimentation, 
many equivalents to the specific embodiments of the in- 
vention described herein. Such equivalents are intend- 
ed to be encompassed by the following claims. 

In the invention the following embodiments are dis- 
closed: 



(1) the bispecific molecule of claim 2, wherein the 
virus is human immunodeficiency virus (HIV) and 
optionally wherein 

a) the virus component is the envelope glyco- 
protein gp120 of HIV or a fragment thereof; or 

b) the viral component is the envelope glyco- 
protein gp41 of HIV; and further optionally the 
binding specificity for the viral component 
gp120 is provided by the CD4 receptor of T- 
cells or the gp120 binding domain thereof; or 
the binding specificity for the viral component 
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gp1 20 is provided by a gp1 20-specific antbody 
or fragment thereof. 

(2) A bispecific molecule comprising a specific bind- 
ing agent for human immunodeficiency virus (HIV) 
and a specific binding agent for the high affinity Fey 
receptor for I gG on human monocytes, the binding 
site for the agent on the high-affinity Fey receptor 
being distinct from the ligand binding site of the re- 
ceptor for Fc; and optionally wherein 

a) the specific binding agent for HIV binds to 
the envelope glycoprotein gp120 or a fragment 
thereof; or 

b) the specific binding agent for HIV binds to 
the envelope glycoprotein gp41 of HIV; or 

c) the specific binding agent is the CD4 receptor 
of T-cells; or 

d) the specific binding agent is anti-gp120 an- 
tibody. 

(3) A heteroantibody, comprising: 

a) an antibody or antibody binding fragment 
specific for the envelope gp1 20 glycoprotein of 
the HIV virus; and 

b) an antibody or antibody binding fragment 
specific for the highnaffinity Fey receptor for IgG 
on human effector cells, the binding of which to 
the human Fc receptor of the effector cells is 
not blocked by human immunoglobulin G; and 
optionally wherein the effector cell is selected 
from the group consisting of monocytes, mac- 
rophages, neutrophils and eosinphils. 



Claims 

1 . A bispecific molecule having a binding specificity for 
a pathogen or pathogen component and a binding 
specificity for the high-affinity Fey receptor, the bind- 
ing of which to the Fey receptor is not blocked by 
human immunoglobulin G. 

2. A bispecific molecule of claim 1 , wherein the path- 
ogen or pathogen component is a virus or viral com- 
ponent. 

3. A bispecific molecule of claim 1 . which is 

a) a bispecific antibody; or 

b) an aggregate of two or more antibodies or 
fragments thereof; or 

c) a recombinant molecule. 

4. A bispecific reagent, comprising a CD4 receptor 
linked to an antibody or fragment thereof specific 
for an epitope of the high affinity Fey receptor, the 



epitope being outside of the ligand binding domain 
for Fc of the receptor and the binding of which to 
the Fc receptor is not blocked by human immu- 
noglobulin G. 

5 

5. A target-specific effector cell, comprising: 

a) an effector cell expressing high affinity re- 
ceptor for the Fc portion of IgG; and 

io b) a bispecific molecule bound to an epitope of 

the Fc receptor of the effector cell that is outside 
of the ligand binding domain of the receptor, the 
molecule comprising: 

is i) at least one binding specificity tor a virus 

or viral component; and 
ii) at least one binding specificity for the 
high-affinity Fey receptor, the binding of 
which to the Fc receptor of the effector cell 

20 is not blocked by human immunoglobulin 

G. 

6. A target-specific effector cell of claim 5, wherein 

25 a) the effector eel I is a human monocyte or mac- 

rophage; or 

b) the virus is human immunodeficiency virus 
(HIV). 

30 7. A target-specific effector cell of claim 5, wherein the 
viral component is either (i) the envelope glycopro- 
tein gp 120 of HIV, and optionally (a) the binding spe- 
cificity for a viral component is provided by the CD4 
region of T-cells or the gp1 20 binding domain there- 

35 of, or (b) the binding specificity for a virus compo- 
nent is provided by a gpt20-specific antibody or 
fragment thereof; or (ii) the viral component is the 
envelope glycoprotein gp41 of HIV. 

40 a A target-specific effector cell of claim 5, wherein 

a) the bispecific molecule is a bispecific anti- 
body; or 

b) the bispecific molecule is an aggregate of 
45 two antibodies or fragments thereof. 

9. A bispecific molecule according to any one of claims 
1 to 4 for use in the treatment of viral infection. 

so 10. A target-specific effector cell according to any one 
of claims 5 to 8 for use in the treatment of viral in- 
fection. 



55 



5 



EP 0 739 904 A1 



European Patrol 
Office 



EUROPEAN SEARCH REPORT 



EP 96 20 1924 



DOCUMENTS CONSIDERED TO BE RELEVANT 



C*cg«ry 



A 
A 



Ckatm ml ••cumerf with wH oa, where i 



W0-A-B8 00052 (DARTMOUTH COLLEGE) 14 
January 1988 
page 8, line 15 * page 17, line 2 * 

EP-A-0 308 936 (BRISTOL MYERS CO) 29 March 
1989 

* page 4, line 50 - page 7, line 27 * 
NATURE, 

vol. 339 , 4 May 1989, LONDON GB f 

pages 68-70, XP002O10764 

ANDRE TRAUNECKER ET AL.: "HIGHLY 

EFFICIENT NEUTRALIZATION OF HIV WITH 

RECOMBINANT CD4- 1 MMUNOGLOBU LIN MOLECULES." 

* the whole document * 

GB-A-2 197 323 (NAT RES DEV) 18 May 1988 
GB-A-2 197 322 (NAT RES DEV) 18 May 1988 



Toe 



THE HAGUE 



13 August 1996 



1-10 



1-10 



1-10 



tmdmm 



CLASSIFICATION OF THE 
APPLICATION (bt-CU) 



C07K16/46 

C07K16/28 

C07K16/10 

C12N5/00 

A61K39/395 

A61K35/12 



TECHNICAL FIELDS 
SEARCHED (1M.CL*) 



C07K 



Rempp, G 



CATEGORY OF CITED DOCUMENTS 



X : particularly rdovwi if 
Y : oarriatfaiiy Kiev** tf 
op co m w f* tbt turn* 

A 

O.mm 

r 



T : tfceory or ortedple ■oi uljfa ig the lowoitino 
E : csrUcr petait iBaiMal, bat pttMrshai am, m 

after tkt filtec Ante 
D : tDMwt nUA m Ac ■pf&catioa 
L : doauocot for other reasons 

ATmoMbcr of d» u 



6 



